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AbstrAct
Objectives: The purpose of this study was to evaluate the capacity of BioPure MTAD to induce 
genetic damage in vitro. Genotoxicity was assessed by the single cell gel (comet) assay. 
Methods: Chinese hamster ovary (CHO) cells or murine fibroblasts cells were exposed to in-
creasing final concentrations ranging from 0.1 a 10%. All treatments were performed for 1 hour at 
37°C. The negative control group was treated with vehicle control (phosphate buffer solution - PBS) 
for 1 hour at 37°C and the positive control group was treated with methylmetanesulfonate (at 1 µM) 
for 1 hour at 37°C.  
Results: Present results showed that the BioPure MTAD was able to promote DNA breakage in 
CHO cells only at the highest concentration tested as well as to induce significant increase in tail 
moment at all tested concentrations in murine fibroblasts. 
Conclusions: In summary, our results indicate that BioPure MTAD is a genotoxic agent as de-
picted by the single cell gel (comet) assay. (Eur J Dent 2009;3:285-289)
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In order to achieve good prognosis, the end-
odontic  therapy  should  eradicate  bacteria  and 
consequently  to  produce  root  canal  disinfection 
before root filling. To date, many methods have 
been described to reduce root canal microorgan-
isms, including instrumentation techniques, irri-
gation regimens and intracanal drugs.1 BioPure 
MTAD is one of the recently introduced rinses in 
the  dental  market  for  this  purpose.  Evidences 
suggest that it has the ability to remove the smear 
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layer and also exert a potent antimicrobial activi-
ty.2-4 Doxycycline is the primary ingredient contrib-
uting to its antimicrobial activity. Citric acid and 
Tween-80 have an impact on the action of BioPure 
MTAD as well.
Carcinogenesis is a multi-step process, which 
is characterized by genetic, epigenetic, and phe-
notypic changes.5 These changes involve genetic 
damage, mutation in critical genes related to the 
control of cell division, cell death and metastatic 
potential,  and  activation  of  signalizing  or  meta-
bolic pathways that give the cells favorable growth 
and  survival  characteristics.6  With  increasing  of 
knowledge of these mechanisms, and the conclu-
sion that most cases of cancer are preventable, 
efforts have focused on identifying the agents and 
exposures that cause cancer.7 Genotoxicity tests 
can be defined as in vitro and in vivo tests designed 
to detect compounds which induce genetic dam-
age including DNA damage, gene mutation, chro-
mosomal  breakage,  altered  DNA  repair  capac-
ity and cell transformation. In the last decades, 
genotoxicity assays have gained widespread ac-
ceptance as an important and useful indicator of 
carcinogenicity.8 For this reason, genotoxicity data 
are  needed  for  the  comprehensive  risk  assess-
ment of BioPure MTAD, particularly because there 
are no previous reports.
As a result, the goal of the present study was 
to evaluate genotoxic effects of BioPure MTAD in 
vitro. To evaluate the magnitude of DNA damage, 
the single cell gel (comet) assay was applied in 
this setting. This is rapid, simple, and reliable bio-
chemical technique for evaluating DNA damage in 
mammalian cells.9 The basic principle of the sin-
gle cell gel (comet) assay is the migration of DNA 
fragments  in  an  agarose  matrix  under  electro-
phoresis. When viewed under a microscope, cells 
have the appearance of a comet, with a head (the 
nuclear region) and a tail containing DNA frag-
ments or strands migrating towards the anode.9 
Our own recent studies have demonstrated that 
the single cell gel (comet) assay is a suitable tool 
to investigate genotoxicity of compounds used in 
clinical dental practice.10-12
MAtErIALs And MEtHods
Cell culture
Chinese  hamster  ovary  cells  (lineage  CHO 
K-1) were growth to confluence in 75-cm2 culture 
flasks (Corning New York, NY, USA) using Ham´s 
F-10 medium (Invitrogen Corporation, Grand Is-
land, USA) supplemented with 10% fetal calf se-
rum and 100 U/mL penicillin (Life Technologies, 
USA) and 100 µg/mL streptomycin (Invitrogen Cor-
poration) at 37°C with 5% CO2 . Cells were cultured 
for 5 days prior to treatment with test substances. 
Confluent cells were detached with 0.15% trypsin 
(Invitrogen Corporation) for 5 minutes after that, 2 
mL complete medium was added and cells were 
centrifuged  at  1000  rpm  (180  g)  for  5  minutes. 
Cell suspension was counted using a Neubauer 
chamber and seeded in 96-well microtitre plates 
(Corning) at a density of 1 X 104 cells per well (at a 
concentration of 1 X 106/mL).
Murine fibroblast cells (lineage 3T3-L1) were 
obtained  from  the  American  Type  Culture  Col-
lection (ATCC) and cultured at 37°C in a humidi-
fied  atmosphere  of  5%  CO2/95%  air.  The  cells 
were maintained in a growth medium containing 
the  following  constituents:  Dulbecco’s  modified 
Eagle’smedium (Invitrogen, USA) with 25 mmol/L 
glucose, 1 mmol/L pyruvate, 4.02 mmol/L L-ala-
nyl-glutamine, and 10% fetal calf serum (Sigma, 
USA).  Cells  were  cultured  for  15  days  prior  to 
treatment  with  test  substances.  Confluent  cells 
were detached with 0.15% trypsin (Invitrogen Cor-
poration) for 5 minutes after that, 2 mL complete 
medium  was  added  and  cells  were  centrifuged 
at 1000 rpm (180 g) for 5 minutes. Cell suspen-
sion was counted using a Neubauer chamber and 
seeded in 96-well microtitre plates (Corning) at a 
density of 1 X 104 cells per well (at a concentration 
of 1 X 106/mL).
Cell treatment
The material used was BioPure MTAD (Dent-
sply, USA) containing a mixture of 3% doxycycline, 
4.25% citric acid, and 0.5% Tween-80. This infor-
mation was mentioned by the manufacturer. To 
determine  the  concentration-related  effect  sig-
nificance, we were able to test increasing concen-
trations ranging from 0.1 to 10%. All treatments 
were performed for 1 hour at 37°C. These con-
centrations were established in a previous pilot 
study conducted in our laboratory. All tested ma-
terials were dissolved in phosphate-buffered sa-
line (PBS). The negative control group was treated 
with vehicle control (PBS) for 1 hour at 37°C as 
well. For positive control group, both cell lineages 
  MTAD induces DNA damageOctober 2009 - Vol.3
287
European Journal of Dentistry
were exposed to methylmetanesulfonate (at 1 µM) 
for 1 hour at 37°C. Each treatment was performed 
three times consecutively to ensure reproducibil-
ity.
Single cell gel (comet) assay
The protocol used for single cell gel (comet) 
assay followed the guidelines purposed by Tice et 
al.9 Slides were prepared in duplicate per treat-
ment. Thus, a volume of 10 µl of treated or control 
cells (~1 X 104 cells) was added to 120 µl of 0.5% 
low-melting point agarose at 37°C, layered onto a 
pre-coated slide with 1.5% regular agarose, and 
covered with a coverslip. After brief agarose so-
lidification in refrigerator, the coverslip was re-
moved and slides immersed to lysis solution (2.5M 
NaCl, 100 mM EDTA – Merck, St Louis, USA; 10 
mM Tris-HCl buffer pH = 10 – Sigma Aldrich, USA; 
1% sodium sarcosinate – Sigma Aldrich, USA; with 
1% Triton X-100 – Sigma Aldrich, USA; and 10% 
DMSO –Merck St. Louis, USA) for about 1 hour. 
Prior  to  electrophoresis,  the  slides  were  left  in 
alkaline buffer (0.3 mM NaOH, Merck USA; and 
1mM EDTA, Merck, USA; pH > 13) for 20 minutes 
and electrophoresed for another 20 minutes, at 25 
V (0.86 V/cm) and 300 mA. After electrophoresis, 
the slides were neutralized in 0.4 M Tris-HCl (pH = 
7.5) for 15 minutes, fixed in absolute ethanol and 
stored at room temperature until analysis. All of 
the steps described above were conducted in the 
dark to prevent additional DNA damage.
Throughout this study, some diluted and treat-
ed aliquots were tested for viability by trypan blue 
exclusion,13 and constantly >75% of cells excluded 
trypan.
Comet capture and analysis
A  total  of  50  randomly  captured  comets  per 
treatment (25 cells from each slide)14  were ex-
amined blindly by one expertise observer at 400X 
magnification  using  a  fluorescence  microscope 
(Olympus) connected through a black and white 
camera to an image analysis system (Comet As-
say II, Perceptive Instruments, Haverhill, UK). For 
all experiments, we evaluated two image analysis 
parameters: tail intensity (% migrated DNA) and 
tail moment. Tail moment was calculated by the 
image analysis system as the product of the tail 
length (DNA migration) and the fraction of DNA in 
the comet tail (% DNA in the tail). In none of the 
experiments there was a significant difference be-
tween these parameters. Therefore, we chose tail 
moment for the presentation of the results.
Statistical method
Parameters  from  the  comet  assay  (tail  mo-
ment) and cytotoxicity were assessed by one way 
analysis of variance (ANOVA) followed by post-hoc 
analysis – Tukey test using SigmaStat software, 
version 1.0 (Jandel Scientific, Rafael, CA, USA). A 
P value less than .05 was considered statistically 
significant.
rEsuLts
The effect of exposure of BioPure MTAD to DNA 
damage  of  Chinese  hamster  ovary  cells  (CHO) 
cells is given in Figure 1. The assay was able to de-
tect the significant increase in tail moment of the 
positive control (hydrogen peroxide-treated cells) 
compared with the negative control. The Biopure 
MTAD was able to promote DNA breakage only at 
the highest concentration (10%) (Figure 1).
We  also  evaluated  the  effect  of  exposure  of 
BioPure MTAD to DNA damage of murine fibro-
blasts. The assay was able to detect the significant 
increase in tail moment at all tested concentra-
tions,  observing  a  concentration-effect  relation-
ship (Figure 2).  
dIscussIon
The aim of this study was to evaluate the geno-
toxic damage induced by BioPure MTAD using two 
different cell lines in vitro. The investigation was 
conducted using the single cell gel (comet) assay. 
The alkaline version of the single cell gel (com-
et) assay used here is sensitive for a wide vari-
ety of DNA lesions. Among them are single- and 
double strand breaks, oxidative DNA base dam-
age,  alkali-labile  sites  including  incomplete  re-
pair sites, and DNA-DNA/DNA-protein/DNA-drug 
cross-linking in any eukaryotic cell.9 Tail moment 
is a virtual measure calculated by the computer-
ized image analysis system considering both the 
length of DNA migration in the comet tail and the 
tail intensity. This parameter is one of the best in-
dexes of induced DNA damage among the various 
parameters calculated by this method. 
On the basis of tail moment data, the results of 
this study pointed out that the alkaline single cell 
gel (comet) assay in the experimental conditions 
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used, detected the presence of DNA damage after 
a treatment at all concentrations tested for mu-
rine fibroblasts. The same picture was observed 
in  CHO  cells  only  at  the  highest  concentration 
tested. In fact, our previous data have shown that 
antibiotics, such as that present in the BioPure 
MTAD,  exert  genotoxic  effect  in  vivo.15  By  com-
parison, some authors have reported that MTAD 
is a cytotoxic agent as well.16 Therefore, it seems 
that the BioPure MTAD is able to induce cellular 
injury as a result of DNA breakage for both evalu-
ated cell types. It is important to emphasize that 
no single test is capable of detecting all genotoxic 
agents. Although there is general agreement that 
in vitro assays are useful for identifying potential 
genotoxic carcinogens and mutagens, the high in-
cidence of positive findings in  these in vitro assays 
with agents that appear not to pose a carcinogenic 
health risk under certain conditions of exposure 
implies that reliable cancer health risk determi-
nations cannot be made on the base of in vitro 
findings alone.17 Depending on the responses in 
the tests, the types of substances tested and on 
their intended use, one or more in vivo rodent test 
also have to be conducted.18 Such additional test-
ing may include investigation of aneuploidy, chro-
mosome non-disjunction, DNA dysruption and/or 
primary  DNA  damage.18  Furthermore,  the  test-
ing should be based on the full knowledge of the 
chemical  its  physico-chemical  and  toxicological 
properties, mode of action as well as anticipated 
human  exposure  cenarios.  An  understanding  of 
the type of genotoxic insult induced and the nature 
of the response, with any indications of possible 
mechanism is crucial.19 All information are gener-
ally sufficient to conclude the the results observed 
are consistent with certain mechanisms and re-
sponses found.
In the present study, as well as in all of our 
previous investigations using the single cell gel 
(comet) assay, we have always excluded comets 
without clearly identifiable heads during the im-
age analysis. Although it should be emphasized 
that  it  is  still  not  completely  understood  what 
these hedgehogs actually represent, this type of 
comet was excluded on the basis of the assump-
tion that these cells represent dead cells, result-
ing  from  putative  cytotoxic  effects  of  BioPure 
MTAD rather than primary DNA-damage following 
a direct interaction between DNA and a genotoxic 
agent.20 In addition, the trypan blue exclusion test 
was applied in this experimental design to control 
cytotoxic effects. Although it does not give any de-
tailed  information  other  than  membrane  stabil-
ity concerning functional aspects of the cell, it is 
a standardized and accepted test to concurrently 
monitor  possible  other  factors  influencing  DNA 
migration in the single cell gel (comet) assay, such 
as cellular death.13 
concLusIons
The present study indicates that BioPure MTAD 
induces genetic damage in vitro, being the most 
prominent effect observed in primary murine fi-
broblasts.  Since  DNA  damage  is  an  important 
step in events leading from carcinogen exposure 
to cancer, the results of present study represent 
a potential alert to the correct evaluation of the 
potential health risks associated with exposure to 
these compounds.
Figure  1.  Genotoxic  effects  following  exposure  to  BioPure 
MTAD in CHO cells. Results are expressed as mean and stan-
dard deviation. *p<0.05 when compared to negative control.
Figure  2.  Genotoxic  effects  following  exposure  to  BioPure 
MTAD in murine fibroblasts. Results are expressed as mean 
and standard deviation. *: P<.05 when compared to negative 
control.
* *
* *
*
*
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